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jjj .(J-^^-SI Ji-^î) (j^Vi U jl^>JI (Jj^i-SI ct^-Î) (^JLjtil Jl^>JI ^ ^j^-uj jLpil (jL^ *Ut 

«» »» 

J^Uj Ujl^. ik2Ut oLiijà 3 jJ^I ol i sus;» ^ cdJLgJl 2_ 



J m)Ij 4_La_2j c^-J (Jj-dJI (^gjLcrjiJ jL-^j>JLâ J-ij^JI ^LûjjI (j n j 1 l o ^— LaL^J S Jl^j>JI ^j-u-l2j lJl 
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^Ujjtj rlutWt 3j^V< ûLuj>&)j 




V J^kJI lLJJUî ud}L^I ££>\ja jî J! _jLÎ Jiu: V 

.3 Jl^I j 3j*j1_} ^LjLâ j^l jJlJI 0Jl& <j\ Jlz*lj-uj J^-^JuJI (j-A ç-^-uij .j^l jjJI J ) ji^jl cJJi 

o 






o 



Lt-UJ 



lLJkJI j J^L cdJ M,ft oî ^ ck^' J^Là .4-jLuâII ciJ>L^Vl ^âl^s jî J! Jîu3 V i^u^ jj 

.3 Jl^I j 3jJil_i ^LjLâ j^l jjJI <jî Juaclu-u J^àjuJI (j-c ^(^Aj .j^I jJlJI ûl)Jt> j-tùl cJJi £-LUajV 

Y^ j Y^ CjLajLûJLl j AjJuuJI 3 Jl^ j ^ya i_JL_oJI i^j>Jl J_x-^ jj Y 4-La_2Jj| . Y^ j Y^ j ^ 



- Vo _ 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




^lj ^^J^l J failli jju^a 



1 1 



+5 



<U JuuJI j. 1 < a a j^J 




^^^^^^ 





1 




tj-Cj C^*-^ ^ Lt£._^ Ù^L? 



4- L-^i>^ ÙJ-^Î l^^" VrH^j Ùli^? C^- O^J^W U- Lj - ^ JJ jî ^L>£=JI J±ul 





^Ljfl^tL S j^IJlJI (^jJu ^jJI i-jjiilît 3juvj _>j^u S j^IJlJI 4- ik2iîl oJufc <j\ ^ j^jJI I JLA 

»» »» ** 



/7T77 



»» »♦ 

«♦ «♦ ' »• 

jLûà cJJ jJ j 4-j^3L-p < j îl 3jLu-ail Cj^Lscju iJjj^jua SjLu-oil ^jj ^dj^?Lj J-l^ j_<a j j r 
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jl^>JI J^àj jLui\ S jL^i <^ LpjJ* Ll^uLu ciJLL^ ^Lâ lit . J2j jLUI 3 jui ^Lâ i^jLSXi cobj! Ui^ <uîj 



VOLTS\ I= — 

v ^ V=IXR R 




** ♦* ^ 



.1 =V/R ^jLJI j^yj ciLt^L I jLlIJ! o^jî lij 
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^Ujjtj rlutWt 3j^V< ûLuj>&)j 




-ww 



S jLUI Sjui ^ Uà . w î 500 

eJ^à 5 = * — 5 = jl^>JI Jjj-â 

500 x jLj^l =eJjâ5 
j^î 0.01 = 500/5 = jLUI lil 



0.02 43ju<i I jLû ju^jj cJjà 4 = <_j 3 jOcj cJjà9 = î suv.tt jù^ | jj :J|j^ 



ww 



i 



eJ^à 5 = 4 - 9 = jl^>JI :3_>U.^M 

i^jLSll x j^3Î 0.02 = cJ$à 5 (il 
fJ î 250 =0.02 / 5 = JLajiai 














7 ^ 






l 5 ^ 


1 ^ 
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J 




(^jIjIJLj iU^jjJLl oLajLHI 
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S 4 ^ 




^jî 5.5 = aJL>JI ^>jla cr ^j 3JL^u>J, 



n^jit ouui ciLîju^ j ^b^W ^L£^=ai ai jL>oV l^i 




£j^î!ÎUiâ j^LLâj -l^Jlj-Ui4J JaÀ? J$ssa J^âp î^LxJI ji)**^ ° 




. AC ~V 250 jlui ^jJLI £ù>z AC~ V 220 / 1 10 jj^X\ 



.AC V ^^jjjuJI ^jc^^j ^jp^JVl Bj^IjJL j^jli jo^ Uî ^ Ohm ^ 
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(jrûU lu j^o ^àj^/ ^jJI (Power Supply) ôôiiii 

»» *» 



Transformers ûV^m 



. jjLjJI cJiiil ^g-mj c-j jJLLaJLl Jl^>JI (^^ic 4J_^ J <^"»o j^T <— dJLc 0jl jj*. J I jl 4D_>o 




Primary 
Secondary 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




^LUI vi^tij U u U;,„ ditjjj L^Lul 2_ (Mutual Inductance) ^LUI ^>Jt ^LJkj ^^,,1 




T 



1 



£fi> .14*1 



(Mutual Inductance j/JiLuii^! 

o_>J! j .jLûJ! \jjb &c ^^Ju jLûl\ 4. j^iU! LajU*j ^53 sbî yt (inductor) «JdXI 

! jLâ .cJsJU! ! JLA J_p* ^..nULuLa JL*a g-m,,, <L>U lJiUI 4_ (AC) 

.tidXI ÂàLJll cJ2 jLUI Jï> lJiUI 0 ,,nU;ai JUJl! iâUu^ Cijbjl jLUI jJûjl 

(Mutual Inductance) ^jLUI ^>JLi ^ , ,n ï^UJ! *jukj ^lidi c^U! 4. ijLp jJjj 



mm 




ÈAA 



vvvv 
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^Ujjtj rlutWt 3j^V< ûLuj>&)j 




1 -ù-*/^' «-^1 4- j^h okj^ 4- ^ (induced voltage) vi^nnil j^Lj ^^,,1 




MA 





< h 1JH 2_jL>i]| jLjUI Jiï^ji jlju^jJvI s^^-LlUI L2L2.1 Loi ^Jojl*^ liLaô^lj 



.(Mutual Inductance) ^LpJt ^>jl 
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tijJLljl 4-UjLAJjJI ^IjJxVl (JJ* Jj->Jll (J^=3^U 

(Jjj>JLI JiwJua (JlL^jj :^lo.ujJI ( h\[\ .Y 
Jj->JLl J^UfJ t^^juJ! cJiill .V 





il 
V 





- A ^ . 




****** » L ^ ** *» « ** ** *~s^SS 

*» *» 
J_*^j>o J_^> LsJlJ_C CjI <aitl ^Jl-A jLpJI J^jû < T c-u-uJ ^jjjLjJI CjI Alt 1 jjjltl JU-^lTllllU Jl$j>JI .V 

.L» 




jLlUI Ji-J4 LajLô*à < (DC) ÂJbliJI culjLpJ! (AC) ^jj^Jt! cjIjLjUI *-« J^Jtl J^ju 

S J^sJLI ù- 4 O^P 1 ^' jLù^'j <-àr^= à^=-!j 




^Ujjtj rlutWt 3j^V< ûLuj>&)j 




Jh^>JI L) iiiL>J J^it 

S ^^jLUI «LiLa Cl) LU _^Jt£. (jr A U-£) iiJ V ^ * (jr A ^j-o-xj jJI ^LiLa CjLûJ _^Jt£. cJjà 12 " 220 J^st* 

:<jî ciUjLâ CJ^ 12 - 220 J^JLl <jî J>ûj Laju£. 

.JiwjJI = cJ^ 220 = L> a^jJI jl^>JI 
-£>>JI = cJ$à 12 = ^^jliJt jl£j>JI 



n 



>*xr\ - _ ^ 



Transformers Types ûv^ai^î 




^spJI ^ Laju L*_a Ij-JoJ I 0 Jl_& <^ ^j-JJ ( I ) e-âj^js. 4-j-luj j^^M j ( E ) câj^j*. 4-t-tTuJ L^Lc Uj^>* 



.A-pal jJlJI CjljLpJL ^^-llij 




Secondary 



oM-^j uia J^-i jujl^ji jjli j ^ cuj^. ^ çji^jy : Core type 4_*k. jii^j JjVi ^ui . ï 




Core Type 

l. ( shell type core ) ^ jii^j aJUJI ^yiA^i L^-à j^^' ^ ch^I * Y 

4- diLiltl < ûJj j 4 L*_a ils j * tia 1 1 j ^IujjjJLj 3 Liait I J^jUàjJI 1 l^jI I JlA j-Ll^j^ 4 J^-— 

A_JLâll ^ ^1 jJ! : U^t i ^ clc^j oLltL 





UiH "^^îiiii 

Shell Type Core 



Jj^-l' 4- «-i^*^ 5 (<4^ <_r^C- Jj-i^seU dlîjj 



Lt-UJ 





A». A 



Transformer 
Air Core 
Tapped 
Primary 




Transformer 
Iron Core 
Tapped 
Primary 





Transformer 
Air Core 
Tapped 
Secondary 



Transformer 
Iron Core 
Tapped 
Secondary 





Transformer 
Air Core Step 
Up 



Transformer 
Iron Core 
Step-Up 



^Ij-à J^t^ 




□ 



Transformer 
Air Core 
Step-Down 



Transformer 
Air Core 
Normal 





Transformer 
Iron Core 
Step-Down 



Transformer 
Iron Core 
Normal 
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. DC(CxjLjJI) j-^TllllI 1 Jl^j>JI ^jJjL^j à— Jj Lga^ajJl J ^-lo j!u_u Jl^j>JI 



Uîj_^( Short ) <_àJUH JJb Ij^à j^J! ^jLujS^l^Î I ^ iiuu» i^jâ cil j 

à fa.? ^LSjjiaJi 0 ,.ftîjjj (Open )J^^<u^Ijl^jVI lJsJUI oîc^ 1 J-^ j-A^ 1 ^j-^hj ^ 'M 




^b^l jJLâlI > £>l*îl AC ~ V ^iHI ^Ltâ : Jjï! jj>OJI 



.iJ^ia L>"W^ • ^ 

TestBoard ^jU^^y .y 




250 AC~ V^jL^Ji 






AC ~ Vj>,\ t^[\ jl^v 











fcjJtl t 'iwià j-^^i >l$*H>Ua»J JaÀà- J$2tA J^ua^J :<yU}t jJ>«I)t 

110/220 AC ~ V 'j^-.'Ji*. 1 "j*" 'j^ Jj >a 



J^-t^il ^\ jlIiVI <_àJUt1 <-àl j-UÎ ^jJ^. 220 j 1 10 AC ~ V j $y jj <^4 J-j-^ j^j ^*Ja 
.220 jî 1 10 AC ~ V j^Vl <__â ^LJIj (^.ijî) .s^Vl c_à >LJ! J^=uU L ^Ij 



Y 




AC 











AC ~ V 


AC~V 110 

( tJ^uî ) i'\\uA\ <Jjl 


( Oj^uî ) i'Wttiïï <Jjl 


AC ~ V 


( 4 jj-^î ) dlLuA\ ùjl 


AC ~ V 


AC ~ V 220 


( oj^uî ) dlLuA\ (jji 


AC ~ V 
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ÀA%J\ ûUaLu^ DC jn7mt,l JL^IjuUEJ 




DC >«miJL^I ^L^ JLLc L^LuI u^-I^I V>LJ! ÛLbUÏH 



(^jjJljJI) ^LLaJJI (^Jl.^ c-^>iJ ( jl ^j^^^w ) 4jJuuJI S j*j I _i jl j J 

9 DCV jl^>JI oL^= I M 'c^W^' jU^ ^tb V ^ l^Là jJLI Â^iJ! ^ 

.10 DC V jl^jUI 

ciULJl j c_JL^JI ^ j^VI ciJULaJl) ^LiJI jl^ <_àl jls^ tfLiVI 



. 1 • ♦ . 




Batteries( Dry Cells) te\ *îlûb)l LlJ) 



♦ 4. i ♦♦ 




:4jj1>iJ (^jJI Jl^>JI 4-<m^j ) 4_âL>Jl oLjLL_Jl j g m(Î JL^a -î 






j^aùlji 1.5 




cLa l^j dJ 1.5 




AAA clA^ 1.5 



i^Ljj^^aiJI Sj^I jJI A_ jLpJI ^jLjj^ljj ^L>ol ^_xi^ jj J^-— tiL 



+ 






cJ$à 1.5 ijjLLiLj 




1.5 V Battery 


3V Battery 


Bat 


Bat 



iijljâ Ij^L>J| 0Jl& j C-J Y Jl^j>o dJLpJ jwL^J I q^jc\j>. ^yA JjJbe^ A_ ^Gjj_<^i_^ ^dL^jJI Jt-U-a^st ^-jlj 

.( JujjVl ) iaUJ! L}UJI ti>Uj JUCl^VI juu <>^iJ1 3_>LiV 




-UT- 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




.(J-Qjjl Ujlt JL£J>J| (Jjj-â £j^J3t^3 C-J 3 JL^J>J| (Jj-â ^JJ^3LJ_J 4 (J^=3 toJLj 1 n ^Jl JjJI 





♦ ^ s?- 




A_ 4_xj 1 \j £ ^—^ t I 3j*jIjlJI LfJ^i < ul J_4 4 jjl Laj îl ^-j^j-Ld^M jlu-tjuc j .3j*j|jJI A_ jLpJI (3-3 Ju TcJLqj ^^Jl 



.3 Jl^I jJI 4-C.L_oJ 


4_Qjj^aJ| ^IdjJlj Cj^Lu^5 jjJI ^JlA ^ jLstlLcuJ 


L^'j^' J^J 3 




jLuJI ^jLj^<_u 4_t_t_u J Jljl^ û^Ljj ^psjJu Cj^Lll^ ùôJl ^ Jiitlu-uJ 


l£j'>^' 



j^Juj jjpll jUUUî <^>tl 



— i*jU ^1 ^ 




^IU^ j*lu)l 



4_k. .Ui ,,,11 JL^I jLùJI V ^LàJI jLà ^UJ! î^Jtl « à ^ 2_ Uî <ty *LaVl *L>JV1 

Diode 



Half Wave Rectifier îb^iÂajjb^S^to 




. L-U-U j^jj }L^j_a Ur LL_oJI ^SLuJI ù j^J ^^-j < J^>^1 i^jLl^ (J\ e-^jJLl 

2 \ < u jjj^j < >L_x^> >Lx^> ^LLlJI ^LqJI çj^=*j j^uWI L^tAUULut 

4_L^ CjLj>*J-4 C_âL<-âj| J_^J>J| 4_4jLû_4 â— J—C-J tiJJjL-JJ . 1 J < ^Ll^5 J_4 (^jJjtJI ^jLuJI 




D4 D2 oLuLoJtj UoUÎ >Lu^j3 ù*W* D3 Dl ol^LoJI :4^Xt q-« y^Jtl < Luall l ^L6T 



.D2 ^LiJI J>U s jj* m^\J\ J*»JI 

D4 D2 (jLSL&llj ljM,^,r >Lu^>S ird^j-* D3 Dl jl^LàJI j^j ,> uJUI ul^UI 

.D4 ^LâJI J>U J\ J^JI 

SjJb j^IjJlII j^-iî^ .^itJLî e^jJLl «-àjlaJl L j} > p.j l^l^=> f^Vl oUUJI <jî USb j^juj^Îc-^j 




Rectifier Bridge 




4 j - ^ Tll l l ^ jLp ^jj^—nl <j ! ^JLl^J V 4^JLlLaj SjjLstH-^ 4-C>*J_a CjL^J-^ L_âL-É2j1 J-^J>J| 4_4jl_2_4 
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.j^>JI ^Làj ^IjôJI ^ ciL,^ oM3 J^^/u^lW! 
. 1.5 DC V Uiasj^tyt 

.( ) jj 1 (Y 
.cjLjjUaJI g^j <J^>iiJ i^Uj tiJM^uî (Y 



.( jZLt^ILÎ^â ) IJjÙjh (J-^Lj^ 



© 



+ - + " 



CELL 1 
t.SV 



CELL 2 



CELL 3 
* 1,5V 



3 H 



4.5V 



UV 1.5V 1.5V 




OR 



— 1 1 |l 



4.5V 



+ 



+ 



+ 



+ 
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ÎUlSj^Ij <laWI 3>^V) ûLûj>&lj 




jJ>«IU 4jJU*l!j £j&Jil\ Jju^>QI 



4 jjl Ujlt lJLoJI lJLoJI j J j^M <-jjlla-iit c-^jJLl < LaJl jL^JLt c-x-^jJLl câjJ^JI j ^ 



0) 



(O)jL^K 



(Y) j^>. 



(V) 




Vt = V3 + V2 + VI 




^Ujjtj rlutWt 3j^V< ûLuj>&)j 




cJ$à (....c-J^â (.)= 1 j ijjLLu 



cJ$à ( ) = 1 ^jàj ijjLLu 



DCVj ^1 



VI (1) 



cJ$à ( ) = 2 ^jàj ijjLLu 



cJ$à ( ) = 2 ijjLLu 



V2 (2)jl^» 



cJ$à ( ) =3 ^àj ijjLLu 



cJ$à ( ) = 3 ^âj ijjLLu 



V3(3)jl^ 



cJ^( ) = V3 + V2 + V1 



cJ^( ) = V3 + V2 + V1 



(Vt) =V4 (4)jl^ 



cJ$à( )=V3+V2 



eJ_^( )=V3+V2 



2.5DC V &;dJ V3 ( 3 ) d^N ^Uâ 



V5 (5)jl^ 





10DC V ^jl^l&;dj£à>>V5 (5)^!^ Là 

. ^Lij ^jljU! ^ Âàl* cLjU^ oMii J^jS / u^Hl 

.1.5DCV Ui-sj^iyi 

.( ^Uk] ) J-iJuU^à (û 



.( jILi^jJ^â ) ^p^tj^cVl _i JulI^ ^j-uLS (Y 



.nu 






-Ut- 



S 4 ^ 



9DCV 

( C-J^â 3 1 $c j-<^t^3 ) C-J^â 1 .5 1 <i$*<a j Jl^j>- (^OjjLLaj .Y 

.( ^L>J ) j^ju-^â .V 

.50 K ^2 ûj^JlLa ^LcjlJLc .û 
.( jILl^jJ^ ) L ^\j2.*$\ ^jutli^ jL^>. . ) 

.(TestBoard) jL^l^i .Y 





+ 



A 



9V — 



+ 



3V 3 



50K 




B 



C 



-Ut- 




B 




cJ^â (12-0) (j^j (^JLi 



jailli ^jLsll ek-u^ I ) .JjJl^JI 4- ^LcL^Î ^ j^Lkil 



.no. 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 





( C-J^â 7.5 Jl^->. (JT ic J-u^_>tJ ^^l^j^juJLl 4-4jLûJlI Ja-uJs 1 ) 

















&*J* 





- S U - 




:jLu)l ^LjLâ JLL* L^LuI uH^I ÎL^LJ! ÛLbLuH 



•^H^^" 3 ^^^ s^jltjJI ^pJl^nJI ^j-uLa-SJI ^L^^» L-x^tj jLpJI uLi^. 
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.edjULi^l iàL^= j^jjûj J>UI â^ijûj jl^j 2â[ :j2 ^\\ ciljJ^Jll 



. 4-C*. J_C 4_L^t- UJLJ ij JJ^.LùL4 L^jl _i (J J^3lJJ JlÎI 3 I JJ (J J.^=3LJJ <j jJJj^î ~~ ^ 

.^J^LjlLc 4_L^-ujlJ 4j jJSt-JuLa L^jI _i (jj^aJj 3j jJI 3 1 jj A_ ^jj^aijj ^JjILiJLÎI ~~ Y 

3ljiJI Jj^ jjJj ùip^ajytj SjjJI 3j^ 4- ù^=? US! J ùiA^b Opi>^' ùAi ^ 



l_JL_^i ùi> "' V"^*** Ù>^i>^' ' Cr^Llj-^-îl <>*-£JI (j ^ a- m J <_>^l>^ L*jJ ùi> " ^ ^l? Ù>^i>^' 



4_^jji=L*_4 Lgi^aJj 4JjL-ul^ U-^jL b t-t Tu 



-\\ \ - 




ol jIjl^ ijujî ciJLL^ ^UtlJt ^ SljJI ol jIj^ 4_ jjjû cjI y^Nl <jî JjLcJI 4_ Lilâ 



■ LfjLLJ 



s^Lu ji lLI Utl ji cil 

dUj-^s <Cy Jj-ai lLSUJI Jiwb <>jG ^ ciLl^MJ! 



: ^U^l jL^I jbp IluS 




(+) ù<p 



- U « - 





: j^.hII jLlUI :VjÎ 
.j^Lol* <JI JJpXI b^L^ A^Lj^D 





tjj^lll jLlUI :luu* 




.m. 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




0jL_à aILU J I CjL^=> j^e-^JL! 4_i^=^1_^=3ljII aILUJI Jjjj^lHj ^Ui^iaJI CjIjJjJJ ^J-ûJ 

t*j Jj^ *W>*^ Mi* 20- 11) cJjà 20000 11000 jjji^ùj^^Ltll 

L) ia-^iiiJ j-à C-Jj^JI £-Jâj Iâ_ c_xj_<_aJI J (C-J^â jJL^ 220) cJ^â 220000 J cJjrtlt £_£)j ^LJUaj ^ jJL 



UVUCI V 




^ j-^J- 1 ^ j-*JdL3 *^4>âJI -*-^> J l O-"^ 



1 KV (Kilo Volt)= 1000 V 

A j^OjJLj juOjJ^J Jjfc ^jLj^^aJI jLp-Jl ûJuuj ^yj[jJà ûJ^J 



(V) >jJL <d >^ Volt ^l^ji j^JI 
(I) >jJL <U Current ^L^é^i jLUI s^i 
(R) >jJL <d >jjj Resistor â-^l^ji Ju» 3 \2i\ 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




^Ut jLfUI jj>^ J^-^j L^lL* L*J^- c^UI jLlIJI jjj^ ^jLSj ojj^j j^j ^Ut j^i^JI jLUI 

jjj Lt^aJI (^i^. J-^j>JI 4_JL^C lJljL>oj L>*j1L<L<3 ^j^^jlj JlIc 



2 



■s/ 



ta 



+. 



jLpJJ ^jLj^-u ciJLak Jl^ V 












■ 
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+ 1 _ 


4- 1 1 _ 




-<8>- 








y 1 **■ à a 


* 


* 


Battery 


VV Battery 


Switch 


Lamp 


Lamp 


.Bat 


.Bat 


SW 


L 


L 



- m - 



î^Ui<4îf»î,tûUL^t 

.1.5DCV i^io sji^iyi j^>. ^UoLjLLjo^ .\ 

.( f UJ) 




jLjSll 2 : ^ 0 ..\ : z\ ciUij ( 2.5 m A ) DC A (Jr i^ jU^JI ^jjjû ^ oLjLL^Jl ^jlxJ 




ÛUjQJI : ^jlil! jj>^l o 



.in. 




t Ao^LUl j^Llô Jdé L^LuI u^I^JI ÎU^kJI ûUjLulH 



-HV. 





4__«$L_âIi Resistor 



■vwv — 



.R j^cjJLj j^c^jj Ohm 3 Jl>. j_3 4-^jL2JlI ^j-uL2j jLpJI Sjuij 



1 Q 


1 Ohm 


1000 Ohms= 1 KOhm 


1 KQ 


1000000 Ohms = 1 M Ohm 


1 MO 



ciJUL-oil ^Jl Cjj IaJ I il (JJLÎJlJj .^_ps_^ u ^=3 » tl j ûjuljljl^ 4lL<3jlJL<3 (j^^aj Juj>J| J-x^ J-tLâ (il . aJj^-coj jLpJI 



t( Resistor) Raïjt^l^tahVii 



— r -^WVW^R 




EUROPE 



USA&JAPAN 



-HA. 





Jumper (Zéro Ohm) 



i 



i 



Low Ohm 




Network 




Power Film 




Specialty 



Surface Mount 




Aluminum Housed 



Carbon Comp 



Ceramic Encased 




m m 1 



Film 




Foil 




Fusible 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




Sjljj?eJJ <LluLu> 4-a^L2_a 

Temp. Sensitive 




4-1 



4.4 j 



Wire wound 




High Voltage 



High Ohm 



(Potentiometer or Variable Resistor VR):3jg«m! Vjliil: 



.<iu^ ^ «^k. l^iuiû ô^^s (° " 10KQ) 10KQ 

jt J-J^ljJI jl_^J>Jl CJJ_X^ £_^J JLJjJ LajL^JLâ 3j*_^J>*^M 4-âL^3 ^_ Bj^JuJLl 4-4jLûJll ôjL^LiuC £)^3UCJJ 



.CJ j Ju£. o^=3l» îl J 3 Jui J^l 

^Lâj^Lj 4-^jL2JlI ^-Lri-^ ^JLc < . uL^=2uà L^IL^-iâ B^ljjà ^ j 

4.7 KQ ^ 4K7Miu 



500 KQ 



500K 



11! CjLajLill 




4_Lk2J>Jl Bj^-ilLtl 4-^jL2JLl 




aj^jIjJI Sj^JlIJlI i>ajL2JL 




photosensitive résistance 



** j *♦♦♦» - I ** t I *. - Ç- ♦ 



4 ^jIjli 



jjni m) Jl* ^jjwî ^Ij^^î^^jJL <(Cdse) (^jj^i^ji jluAJ) jî (Cds) (^jiL^i jliAJLu) 



J 200 V J 1 00 V (j-uLd ^jIjUj C-J^â J^rtlu <j| ^-J-L^j > uJ 4_xj jjlo jj^^aJI CjLajLûJLl p teut * <jt J^aJI S JuiJ 
jcUIj^ 30 (JruLa^jljIj j^UitJI ^Jl^J u ot^tl 3 jJl^JI (w ) (oljJQ ciJM^L^I ^ ^ tj 300v 
(J-^-LloJ (. (JLj-tt (j-u-t-o (^^JLîLâ oLuj^IL^aJVl A_ S JuJlC oLû-LiiaJ 4_xj jji-b jj^^aJI ^ ajl S gJJ . <-Lslj (^^JLc 300 



jLUI â^*^=lj p ^ 4_^L^. s jLs jji^jjpl >ii! saclâ oh <x±c < kJii^ <ùî V! phototransistor 



jji ^j^lpJI jLi<u j .(remote control) p^^ui jU^J JUs^ul sj^^ ùj^3^' 




A 



1 



4 - 



B 



( xl-xl0-xl00-xlk ) 4^ *_a ^Lqj 



ytjiflSjul! 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




- 1 rr - 




J^LaJt J^-i M<t t t j-ii-^ L ^- ^ -t ^ i^jLSJl 




- ^ rr - 




. 0 12 I -y^ 4_<saLL« (4j > J '"'J ' (J uLj-^XI (jl (j-« Jl^=LjJ(« 
i_â! jJaî j^j Â-ajLàU (j-uLjà$ (j^tâ/ Uj)ltlî|l 

.iJ^ia l>"W^ • ^ 

.TestBoard ujUJ^ .y 



JiU! 



AC 




AC J«^tl ^> 




Laî j-^à ( Short ) 4-> ^IjOjVI <_kJU1 ôî cr^ Jjy I j^à jÂ.^tl ^jLca3 U\ jl lij iiuw Â^i olj 




0 h h \ jj ( Open )J^»à <u ^1 jLbV! dJUI ùî (^L^VU t ^jû oo) j_.ijJll ciJ *1 !i! 



.j-i>il V ( ^lillj^IjOjV! J>>JLI <-â1 jlsî (jdJ JLuajl cdlJLA jj^-j VÎ<_^o ) 

(_ij_<_uî) L-JL-oJI L-â jiaJ 





.jJljJLI ciJj^u ( JL^jI ^jjlil! J^JLI «-à! jlsîo^j < JL^jI ^IjûjVI J^JLl ci! ji^î o^jj ) 







A- 








A- 


-B 






A~ 


C 






A^ 


-C 




Tl 


B- 


C 




T2 


B- 


C 








- E 








-E 






A^ 


- E 


00 




A- 


D 


00 



- \r*\ - 




^j-c ^^liu Sjj-c^JLâ 4_^jL2_il uLa> càj^LjJ ^JLuJI J^=LuiJI ^_ J^àj .<LcjL2Jll 4_^_^ ju ji^H] 





y 





i «si 4JUi faufil 



% 0 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




1% = Brown 



2% 
5% 
10% 



Red 

Gold 

Silver 




^UJi! Lâj i^j^a l^aji jî t^iAjJl" j^p-Vl ^iL^ii Cdui j diJjJ .Tolérance ILiJI 4. 



S ^J^?L-J 4_^_i2Jl _}Ju>iJ 

. 1 10000 Qj 90000 10% 51 jl» 100000 Q:U^M 




.( JJJ^ILÎ^â ) ^yalj^Vl ^JuCLd (_>«Lj3 • ^ 

.(TestBoard ) jUoJ .y 





♦♦. ♦ 

♦ 






♦ ♦ 








example 




kQ 


Q 




-i 


i 


1 




12 3 4 

(toi) 


1. 














kQ 


Q 


r 




1 1 1 


1 




12 3 4 

(toi) 


2. 














kQ 


Q 


T 






1 




12 3 4 


3. 
















kQ 


Q 


t 










12 3 4 


4. 
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12 3 4 



12 3 4 

(toi) 



n 



12 3 4 

(toi) 



12 3 4 

(toi) 



8. 




12 3 4 

(toi) 



9. 























150 Ohm ± 5% 










3300 Ohm ± 5 % 










56 KOhm ± 10% 










3 k 3 Ohm ± 20 % 



- M ♦ - 



t. Ail 4 



«***«* 

Rt = R3+R2+R1 ciUjliXl ^ ^ «ul^ i^jUit *3Uj12W 



u 



RI R2 R3 



U1 



U2 



U3 



-o R s =Ri + R2+ R 3 



Resistors in séries; just count them up! 



♦ lili — Bat 




15 Ohms =5 + 5 + 5= Rt = R3+R2+R1 
I 




2200 Q 4.^11! cjIj Â-ù^jj^aJI cjLsjLHI qjs (Y) jjic 

.( jZLt^ILÎ^â ) j^lj^-Vl ^JuCLa (_>fL»^ • ^ 

.(TestBoard ) jUoJ .y 
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^Ujjtj rlutWt 3j^V< ûLuj>&)j 





» ♦ w *» 



12 3 4 



2200 a 



R2=R1 



KQ = 2200 + 2200 



Rt 



. ut . 



^Ujjtj rlutWt 3j^V< ûLuj>&)j 




. ^jjLluTl^ s^jj^jJl! < t lul> (^jJLc ^-jLjj^^sJI jLpJI p uj-S L tjLuil 



Ml 



RI 



Kl 



u 



1/R3 + 1/R2 + 1/R1 = 1/Rt ^ i^jiai tîdjliW 



II 



RI 



Itot 



12 



R2 



13 



R3 



Itot = Il + Iz + 13 
Itot = Il + 12 + 13 = 



1 : 1 : 1 : 1 
Rp " Rj" R 2 " R 3 



Rp 



1 + 

R t R 2 R 3 



Multiple resistors in parallel 



10V 

0.6 Ohms = 0.2 + 0.2 + 0.2 =1/5 + 1/5 + 1/5 



.ur. 




♦ 4 ♦♦ 




! 



( JJJ^ILÎ^â ) ^yslj^Vl ^JuCLd (_>«Lj3 • ^ 

.(TestBoard ) jUoJ .y 



-Ut. 



ytjiflSjul! 



S 4 ^ 




4_u-oJ 

* 



>_)Li.a.-»JL) I n 



12 3 4 

(toi) 



470 KQ 



R3= R2=R1 



=1/470+1/470+1/470 



KQ. 



Rt 



-M» - 
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V 












jjl^U ^ ^jl ^îl AC ~ >tirdt ji^>JI <j-"L^ 














Y 










^tjUt oljjLLaj J^jIj j-CllllII Ju^JI o-uLiâ 


r 










^jtjlJt ^LjLLaj J^jSj j^lcaXI J^>JI o-^L^ 


i 












o 






















* t^^-i t| Ajl StJ ^ ^ S ? I j *^ 


V 












A 










** 



















- un - 































♦ ♦♦♦♦ 


♦ ♦♦♦♦ 


♦ ♦♦♦♦ 


♦ ♦♦♦♦ 

♦ 


♦ ♦♦♦♦ 

♦ *♦ 














\ 














Y 












^tjlît oljjLLaj J^>u j-CllllII Ju^JI o-uLâ 


r 












lSjIjSJI ^LjLLaj J^>b j^L-oll j^JI 


i 














o 




























V 














A 

































- U V - 




cvin^p lhiijTlIlq cvinll p ilnlll nnlnllniiiiiiq 0 ll 
gALUI jJ$JaJ$ SjbVI 




ijjj^IL^aJVl 2 I jJ I ^jLi^ ^Luj^L^aJVl j-La-ûJI ^j-uLj^j 3jL^ c_Jj Ju_l 



^ Lga-gt^ Jjs-jJLl 3jL^a JuJL 

2 \ A <^—^i 1 1 jjJI < fl-iIjLgaJ SjJlûJI c-JjJuJL 



BjL^a c-JjJllII c_ 



,LLd 



■ LLli 



1^3 ) O 



- UA - 




-^jp JJUj V J^Jàj Sj^ljJI J— O j^al—J 7c_x^jJ ^-p^J 




- SU - 




Component Symbols (1) 





Fixed Resistor 









Ç- _ ♦ 



Potentiometer ^Là* 



Variable Resistor 



LDR 





4_JL_u 4Jjlj^>. 4-4jL2_4 

NTC 




PTC 





-II- 



C 



Non-Polarized 
Capacitor 







Polarized Capacitor 



_ s». _ 






c 



JJJLL4 < g 3 * 

Variable Capacitor 




1. 



Fixed Coil 



1 




1 



* ♦* * 1 

Variable Coil 




Transformer With 
Magnetic Core 





Relay 




Relay 




Diode 



■v 



Zener Diode 



0 



LED 




4JLLtiJl J^jJlLq 

Varactor 



- \o\ - 









SCR 



y. fi 



VI 



Ml, 





m 



!àV« 



1 



Triac 













NPN (Transistor) 
PNP ^Uîjji^ljj 

P-type (UJT) 

N-type jjjjw^ 
^UJtl^h)! N-Channel 
(FET) jjjji^jJl^j 



P-Channel 




Photo Transistor NPN 



- ï «r - 




Component Symbols (2) 






lOUg ÏTHKJL 












Buffer 



Inverter (NOT) ôl ^ 

AND (2-input) ^ 
NAND (2-input) 

OR (2-input) âJjj 
NOR (2-input) 

Integrated Circuits 
(IC) 







^jjuall jL^tsVI CjIjl^j 

7-Segment LED 
Display 



C n 








Loud Speaker 



Earphone 







Microphone 



Measuring 
Instrument 





Volt-Meter 





U_|û v < « A I 
-V »♦ v ». * 

Amper-Meter 



-g» 





! ^11-- I.AH|J, 



LAMP 



s 



Switch 





a' »* ? 



Switch 






4j\LLaj 

Battery 





Power Supply 





4_U.(.L<^LJJ 4-tLv 

Solar Cell 




Fuse 





Bar Antenna 



_ \ o o _ 



] 


; 


Y 


Antenna (Aerial) 






"Y" 








Earth 






** 1 *» ** 1 *» 
4_lluLlu 4JLll^ ûJ 

Châssis 



- - 




Capacitor or Condenserti^SUl 






hé- --m- 




•* 


♦ 







ïL J 




■ 






- 




■4- 



1 U«Vl ^jl^ 3^Lc 



1 (popl ^LajJtX ^jljJVI ^j-a^jlj-Ul L^J Cjl <fi^-iU q>> au .LJl-m ^Lo*>a CL<-iL£=> c_s 



- 1 oV - 



FARAD jIjUJI l^Là ïjl^jj C> ^JL. « > ^ 



F io 6 



Micro= 



1 ,000,000 



Micro 
Farad 



F 9 
10 



V 









El 




F. 


i 


i 











Nano 
Farad 



nF 



F 12 
10 



Plco= 



Pico 
Farad 



PF 



Pico Farad j| jlà y^niL o-Uj ^1 
102=1000pF • jj^" Lji»jâ j^-î ^ o>L> « îm*=-.« Miu 
100000pF= 100nF= O.ljif^^^ j-^î ^ù>L.' Ml« 



Plastic Film Type ç&&iàUfUttt jàû&i3»t>è 



J_<^jlj JlJI Jl-^j>JI j 4.t-LrjJI ^J-^.luj ^_i2JI ^JlA .4_iic 4_c j j La * 4jLc jJLjlx <j ^jJJI I JlA CjI 1 J p feu* * 








M 


%20 


K 


%10 


J 


%5 


H 


%2.5 


F 


1 pF 



-g 



ù.mm 



0.001^= inF-=ïOOÛ pF 
400V 




lîîpF* IQft-t000pF=1nF 
±10% 
50V PC 















2S0V 





0.2 lut = 330 ni 
+20% 
350V 




UDV 











22pF * i 




OOT-22OO0pF 



AÏVLK. 







150 








250 





IS4pF * I 



i10% 



+20% 
1OTVDC 




15C^F 



4j5e_A-o j^^-il jj-Cj^j ôj-uLijjz (J^^dS CjLûII^3l1I 



- U ♦ - 






1» 




Jlajj ^i>>- ^l^jl AjM^ (j-^ ôjp^ a J-^J^ (j^-iJI jL-a-JI (j-a Qj^J cJ£t^=JLl <jl «l^^V 



I jl^l^j 1000 4- îjjlh^" i^-ait <jî ^i*-i> 3 'Mi ioo 4- 

20 7. i^juà M cà^JI U 10 / K t^Jlà .iâjJI jj^o aI^jV! *+b ^jJ! <_àj^J1 



S dlJj ^ l iUà 474K63 r^lsll > ^JL* < 4 1 JlJU 



. j|jLâ^=L-u 47 i^î 47 jL_a_i]l ^ ùy^j Jjî 6^ Ll^ 

470000 = 10000 x 47 , ?tV^t l ô^, <jî l£Î 10000 J_«L_« j j ^ 4 ^Jl!UI ^ >JI 

. (j| jlajj^»jLs 0,47 (^jL<-^ Ijufc) ^1 jLâ^^a-u 



cJ^a 63 = jl£j>JI Jlitl jL 4^' o'^-^ K cij^J I juu 63 ^jUi jJI 



.ni. 




Ceramic Disk Type djwl^uJI 




1*; 



1 j-,. -.. (jjj^s ^LàjVi L^j^i a^aJLl 4 jjirî (uF, nF, pF) « hî^*\\ * 






20inF 
4-60 to -20 
12 WV 




22 pF 
+20% 
1000WV 




0.0 3311 F 
+20% , 

+~22to-56% 



-Ut. 





ji H - - - 







V>*- M ^ T# g* 




0.47liF 
+20% 

+20to-70% 



100ÛWV 





7pF 

+0,5pF 

ppm 




lOpF 
+15to-15% 



-h55Cto125C 
1000 WV 



. j| jlâjj^jULj SjL^là 0.47 jî 0.1 Ji* ajjJ^c 



jIjU^Li 47 jljU j^n 1000 x 47 ^ I ô«à 473 



8^ 




ÏD ±20% 
5DVAC 
iDQ VDC 






+ •4 



■î + 




- Ut - 




j ^ i j^JLc 4_^jL2JLl (J_$juj Ljj>ojJlj j-j^ûjJI jî c-^jj-luTl! 1 ^li-jj (^jl jUJI ^JLc jLSJJ j < hH^=p 1 1 jj 



+ 



I 



fi 



+ 




I - 




jJljJLI < ^11 <_àl ji^î ^ jli^àVl jL^ cil jlaî ( X 10 ) fjVl 





- no - 




L^i^ juj^j l^ipOL^ ^jl*^ ju=LUIj llUUÎ ^lÎI cjUi^JLl 0 ^^/ u^Qàtl 



j_Lî! j ç«u-SJI 4_àlHit4 Cil 1 1 (1) ^Jlc .Y 

î^Uii4î(iitil JJUJI 

.( JJJ^ILÎ^â ) ^yslj^Vl ^JuCLd (_>«Lj3 

.(Test Board ) jLo^i .0 



4-4 



Dlack 




.m. 




«-àj-LJI J^jj jl-oij .( rt^U fj^j M-^ 1 4- ' 1 Mohm <_^Ll jU^JI rjj^s «^ju^ 



.4JI J 1" ( ni 



4 QJ^tlj ^jJJl 




1 M ohm 



- UV - 





Ui^ (J ^à^iX\ jjjUI ciliciljLiVI jj^je-^uLi (Low Pass Filter) ILaâxUl ûI:jJUI jb^lg-â^ 
jî Uiu ^UJI jjpji cil j CiljLiV ! (High Pass Filter) 2U)U1I ûlwjlll j!>«l 

^-Ujj ci! jLiV! ^ q±ju» jjLL: Ji>A j ^ ,„j (Band Pass Filter) ^aLbili ûlwjUI >• 



.^L^Iu-u^Lî 4_clij jL£o*| ^j^aucJ ^^LLaj CjI^^j jtj^aj ^_tl/j^c ^ Jl^u-uj jj^IjJI jL^j^ . ^ 





-HA. 




(Jl j Sj i uVI jL^>J ^J-Ljua SjLil J_<-u^j ClcjLâ jl Ahtl jL^j*. (J-ajlÎuTJ J jjH-l^d Cjj-^jjJI ^ Jiitlu-uJ La Jiic .V 




\-^= >_u-u« ilius^l (_>àju Lui JijaJjji .^ju jJI I j**- 0 j fl j .( CjLaalJLa CjLàJUIa CjLàj^=Jll 



LJJ 



(RC filter) < j i^jUit ^ 
(Low Pass Filter) ^^iXI ob^ui jlj^l ^ij^ 

^=jii 



AAAr- 




r -Ai >j-v 




(High Pass Filter) objpJI jlj^l 




(Band Pass Filter) ^LkU! ob^pll jtj^j ^àj^ 



- 1 V% - 






* / 




(Cut off Frequency) ^kUI ^ 



- 1 VI - 




(JLtît >j 

(HENRY) ^ 



Types Coils ûUtt!^ 



%♦ *♦ %* 

ciUUI 




.(JjJj^ 10^1 CjUUI ^ Ijufc JIa J caJ Juâ a h\[\ Ju)j ^LULj ^jli 

pLâj)l <■ m U-a |juk Jib Lui CiUUJI ^_dJ>j*I3 LuaLjdl Cil jLûll flî 4j ïLu^I Cil ^LlJLj 

jJI 4_ ^.ljlIIJI 4. ^jl-jJl^JI u 1211 Cil i cjUUI ^jii^ujj .i-pjt jjJI jî ajjL^VI ol jLUI ^jLSIJ L^ju 

4-LU.t-Uj jJ-^J 1 ^_XjLl^JLI È— ^ jL?dL-UJ 1 n ^— ^ jLpJl ^JJ_ÛJ 





El 




4_Jjl_c 3_iL^j JljJl>JI ^J^t-ccuc i La L>o JljJl>JI jj^-lll^ 1 jj^ Jj^l Jl_î ^_xJs jj ^j_ÎI CjI ail»! lLLIj j 

^ «» «» 





-ivr. 




.^jjjfc 465 ^jUuj A M Jl 




- / innnnr N - -/mr- 

Ferrite 



- ^ Vi - 




J \j \ j z * J < ^ j V d^j-tjjl ^jLâ IjJ cJiiXI ^_ jLpJI ^)iaâL(j ^^ojLju ^jIjJI cL->JLj *L 



U-Lt-U 



XI 





CoilsûUUI 

3 jlc ^j^" ^jî ^ <uj former iijLc s^La jLUl < ^jA<^ jjj^-a l±ul_u lJlLU < r ^=3pj 

^jlj-ifùj VjjLiu<S jUs'iM i- Jjb (jj^aJ (jl ^3 QJJ « Lè.jLâj Lâjjata jlloVI <_djb J 1 ^ ùu (^yic .Y 

.ferrite ojj^I sjLs jî 




AL* 




<ilL..aJl I ju* J_^» Lu^j cdJL^ 4- J^H j-^ 

jl—pJI JLjKjj (JL^>J,I I JLjI \jj ■ < lU-Lal a (JL^ta 




L 



p ^ Lga 1 J (Jj-â LS-u-u^3 _ijL3t^3 ^L>ol à— 



- 1 vn - 




< h m jjjij sjuji ^jl^ 4_j l^jî jLui ^ ^lui ^ mhULlui jlui 



.<^LfjJ 0Jl_& 4_u^> j IjlX 1 4_4_x^ L^j j^juJI CjjJl>J ^IojLjlJLI 



(^jJ-A 10^3~ (^jL-uj 




.4jUJ ^Jl^l - Y 



- r 



.U4A 



- V 




- ^ VV - 




ûiL^l ^1— (il 

ÛI^JlJLJI 





'!:■:!! >r ! ! ' : r~-I-"\-i > -"•!■! X = E .:!-■ ' " I-E ! !..■! '.- ! -I ] EvT . 



- 1 VA - 




( <JLuJ! »Uâll ) Diode â&JlJL-N 



,LûJ 



ç_ 



Anode 




+ + 
+ + + 



Cathode 



1 ■ ~ 



Holc 



t- 



N 




jLpJI jL-cl^ ^jJLc 5JV^ Liiajt j-^j ^LuJI j^aj *£— daiw j^j 

* 1 ^ t^a 1 1 ^ ^J^J .^jjL^aJI ^ r ^— <-uJ C-xJLt-u e^j^Ioj ^j-J^I (jr ^uJ c-x^j.^ L-àjb ^jLuJI ^ 1 ^ LgaJJ ^jj^aJ^ 





Cathode 




PS 

y 




1N4004, 1N914, :ji*«i_k. Jjg^ujlûV jj^j ^ ijii^l ^ ^àjL^Jl ^ L^j j ^ LâjVb «g* 



1 N4733 



ÎLûLuJI ÛULWI ûUtJLiu^l 



ciJLLij .(Logic Circuits) j^ljj il 4 I 'j^,^' ■■■N tl jjpJI 4 cuLjujJU .u^i .-^^ 

.(LED) ^ Jl ^^-cujj B^L^VI LT JLc û jjUà ^ujLqJI oLal <3 r^tl ^ p^j 

: jMÏil jLllU J^j*£ ^JLull jftlJLÀLyl 



.(LED) ^ ljr ^\ ^LàJI ^Lm^ji j (Zener) ^bUl jjy, ^U^, juj^b U^j ^Lj^p^J^I 




-.Ge Diode ^Uj^Jl <^Lj 




i^Jlj ( 400 IN 1 Power Diode) u> jj-aj Bridge ^u>siji j-^'j- 5 J^ 5 4- 

.j^L^Jl ^ Jjb usb u <?™tl 




:Se Diode ôj^-MijM.tl ^Lû 

ùj-^ i£>^î ^(>*i i^j-^ SjjJj oj-^ ^'j-A 5 ùj-^j ùj^Ai ^ ù-* cj^Lz^ ^Ui 

(ZENER)^LâJI j±j?U^ 



Lf.i.LJ 



.^jjL^JI ^ Jju USb j>ujV| 




- - 




:Zener Voltage Regulator jJbjJI Jb-^^U^j jl^ji^u 




tLight Emitting Diode (LED) ûLlù^i ^jLu 



LED ^j^U ^jui\ ^SLûil 



Résister 



i"i.:sh"i Ohm 




-Ut. 




450 ^jjî ù^pUI f jrfJLx 
555 j^iwî (cro-j^ )j^u^JI ^j^U* 
590 ((^j3jj)j jrtrMrtt l ^ujj ^^Lx 

655 ^-^>* I oju±û1\ ^-jUjj ^^_l!L>^ 



900 *!j_*^JI o^l (ciLjJ!)^ùj>i! 



930 ^Ij-^JI ( ô ^A^ l\)f^jjl\ ^U. 





Cathode 




Anoda 



:Diode Photo <J>*îl <JLuJI 



Anode 



Cathode 





LL.OJ 



.ur. 




:Diode Varactor^tyJI^JLuîl 



^-^_2J_j j iJjLjlJI c-L^<-u ciJJji-j jujJlJ *_LrjLU M A r< , ,,V1 2 SU / a ^jLâ ^ , ,<<^—^ ♦ tt ajjuuJI Jl^j*. _i I j> j^j La jlJLc 




Photo 
Diode 


Photo 
Diode 


Light 
Emitting 
Diode 
LED 


Gun 
Diode 


Varactor 
Diode 


Schotky 
Diode 


Tunnel 
Diode 


Zener 
Diode 


General 
Diode 


T 




f 






* 


* 


* 




^1 <J 


LT^ 1 a 




LT^ 1 a 




^\ <J 


^1 <J 

Aîtl 


^1 a 





- \M - 




Jl^j>JL ^-^-crjij Le ^cLc^l Jl-^j>JI ^ JljlHj La JlJ^I ^<aL<a^?l ^L>oVI A_ j jjJL Lj jLpJJ ( JT jLuJI 7c-<^lhj 

*• *• ** 



,^3^Laj^>Jl CjLjLj 1^ cJ^â 0.3 j jj^jlj 



lF 



VR 






0,7 V or O.S V 



[r 



^LuJI q^\^>. ^jldsula 



^^^Laj^j>JlA - 
^1 jiiVl _>Juu_a JjjIjA - 




TuninigLJiJjj jjjIjB - 



LED*^ d^LJ! jjjIjJiQ - 
Rectifier jlo^jj jjjIjT - 

SjjiUI J-^jj jsjjIjï - 
.LED iluÀJLl oLaU.^tl liUj^sj 

Analog Voltmeter ^ÛUIIJ jUûfriH ^IJ^b j^oLuJI ûUUo jLu^i 

jLpoVI 4_^jL2-^ cJJ j ^jcLcVI jl_j_>ij^l 4_^jL2-^ ul jJL jl^jJl! ^ILj . ) 



.^cLal jLpKjl ^\ ùjjjuu^ 4-4jL2_4 ^j_u_l2j <j! l-jlï^juS ( -ijJ^M ^J-C _i j.<-u^M 



.( Short ) juuaâ 4j jl^jJii <jî Jjj l 



1 (1 or Cj\ ûlaiJl 



.2000 Q 



-Ul. 






- r 














4jL^j VLa 1 Jl^ 4_iJLc 3*1 jjà 


4jL^j VLa 1 Ju>. 4_iJLc 3*1 jjà 




( 600 Q ^Ij^ 


4jL^j VLa 1 Ju>. A-JLc 3*1 jjâ 




1 

4jL^j VLa 1 Jl^ 4_iJLc 3*1 jjâ 


(600 Q ^j^-,- sjU) U jl 



-UV. 




Digital Voltmeter jJI jLuUfâJi ^âsuLuli j^lLuJI ÛUU* jLûj-l 



: ! 














4jL^j VLa 1 Ju>. i_JLc 3*1 jJâ 


4jL^j VLa 1 iJLc 3*1 jl 




(600 Q ^l^x 


4jL^j VLa 1 4_iJLc 3^1 jjà 




4jL^j VLa 1 Ju>. i_JLc 3*1 jjâ 


( 600 Q ^l^p. 



LaJl J-^ju_<-uLâ JL^ju—t-u^U L>J1— çg» j— bj ^1 <; (jl ^a lit câj^JtJ <j) ' La ^ <—Ojï I il 




J â^j[2X\ V ^ 1000000 Q Ji« 4_JLc 5^ ji ôajLlc ^| .Y 



-UA. 




.4_c (. < fioj C-J j_2 2.5 j 1.5 (j^J ^jIjUj^ (JjJwVl Cjbal 0 r^tl ^jÎ ^^JLc î 



jJtlL<_u I jIL^IL! j_ûJ I (JL^jlj-l^jI ^jtV< f uJ V LaJ-i^. .^1 0 r^tl J_^>jj LajJ^. C-J^â 600 




(jt JLl J>j_<-uV| e-âjJ^JI ôjJâiii] ( + ) L-x-^j-tt e-âjJ^JI (jt JLl jILpa^âVl jLg->«-S j-qjxVI e-âjJ^JI ç-uzj .S 



ÛLÛ4H&ÏI ÛUuLui ILwj 4 




VI 



A_ a > ^ A ^ / a ^jL^ jILpa^â^M jL^> ^ La au <j I i-i^e-L^ Sj^LaJ-ûU (j\jjLuJLl (^-âj^laJI ^JLc 





- ^ * - 




.jJjj J^>- j-^ (Y) _^Jlc .Y 

/ k Jt*mi J JbJI 

jj^La jju/Lj^ jL^. Y 

1 Mohm ^ ^LiJI jl#>. r j jl« . ï 
(B)^L^J! ^c-JL^aJ! l^j-LJIj (A) jjjVl ^ jU^c^^l t^jJ^I Jjj^jj jù£. .Y 

(B)^L^J! j-ac-^jJtl l^j-LJIj (A) jjJV! ^ jU^U c_JLcaJ! L^LJ! J^>3 jù£. .T 

•^j- 56 ^ jU^i jA?- 4 ùP* 

:^LuJI .-c'c^lj JjJL^JI ^-CjLcUJt 









« bA là >b 


Dl 




K ohm 


K ohm 


D2 




K ohm 


K ohm 


ZD1 




K ohm 


K ohm 


ZD2 




K ohm 


K ohm 


LED1 




K ohm 


K ohm 


LED2 




K ohm 


K ohm 




Transistors j^iwjjjJUl 





Pin v$ew 
_eadâf>ac ig-àê 





4_ JLl jJJaj 



.sj^uji (reverse) Lu^j^jjj t ^ui ,>» ôoUJl i^AJi 

jjj 2r*^' -5 îr^ 1 ^ Ja -"' s j 1 ^ <j-*j B èjseîLi àJj*jy ( Base . y 

.j-c^Jil (reverse) \ u,^r 3 ^ (forward) UaLJ 




.âjLu^, jj jo^ iJbtuUl ^>LsU. ^ s La tiiî àjj sjulUU a jmûUj (forward) 

:^JLlJL^3 1 g As j ^ xjl^=dj2 Jl>.I j cJiJtio jjILdUj^ljjJI (^-C jj LiJLak 



:PNP jl j^ijUi . 



cUju ^j^ialuJ N i-JL-u SJl^Ij L^JLjj P ^LLc^j.^ jLUul CjIjjJLj aj^Lj (^JLc PNP Jl jjI^jJ[pJI ^jl^o 

.PNP Jl jjl^l^J! 

1 




PNP Jl jjW^I >U! 



:NPN J! jjwpljii! .y 



dJJ Jl_j ^j_^=lLJ P i_c>*j-4 SJlj^Ij 1 ^ d Lxjj N (jLuJL-u (jllajl CjIjjJLj Aj^Lj ^^^JLc NPN (Jl jjILx^j.jIjILÎI ^jIL^o 

.NPN jl jji^i^ui 

1 




NPN Jl jjI^Jh' J^'» 

C<Jjl>. jJ .^L-jJL^JLa ^£ j-~>- V \ j 4j?e_La-<-tjuc 3 Jl>* | j jjTmjj^J IjIlJJ (jLl^>. Jl^ jj 4_jI Jusclu-u ^jjjl^JLj C-ciâ^ jJ 

^_ (jj ^=jl1^ 3 Jl^LûJI Lai ciJj Lcrjj ^JLc ^-^>JLl ;JJ^~"" 'JJ lLLu^j ^-xiJLl ;jj^~"" 1 J ' lLLaL>«j[j 4-tJbtJLll 4-£j>JI 

gjj j (NPN) j £j_j 1 o Al (j-a L^klLL^ i-Sjjio < . < Mf-H J CjIjjILl^jjJîIjjJI (J_a ^Ij-jI cJLafcj .<ja r ujJI 

tùruJLUI ^^JL i^L^I ^jJL ^Vl Ji^j (PNP) 




jLjfcj .^-ujlU (^JLc uÀ\ ^L^>ol J £-3j-4 J-& (3j-ûJI (jl (XH-^ 1^-^- (J-^-i S(J^-C jjJI (Jt_J (3j-ûll CLc-tu^V J_jfc 

•t^l 4" J^' ÙW>^ J I >^ Ç<^-oJI 



-S\? - 





■I— t-U 



û Jl_c1_2_ÎI ^Jl jLpJI ^j—ujlJ LajL^JLâ jjp-t-u^j I jUJ I f 1 alal J-Jl-xIùjJ 3 JlcLûJI 



HPAC-100X 






»» » 



Collecter loentihed by angled tead 



. jjwpljiil Base j-*? ^ çA" «sUîa^j t^jVlî2i»ttl 



jjWpljU! Base 4. jLp j_^=î L^j^ ^iJI ^..V.tl ^kla^&j :&!Ull&kUl 




Transistor Connection Types jjiwpfiUI J*0j3 â>k 




dJliJI c^j^LaJI iiij^LCajj BjLiLj (J-x^ jj ^-jLîlîI e-âj^LaJI j J^jJI BjLiL j^lu-u I jUJ I eJaljJot jl>. \ jj 

: Common Base 2S>&l3dAQJI .S 

oy-> 2>^J! s^l_^| J_^jjj 'Emitter and Base s j^UJl 3 ^ r„{\ J^jlJI s jL-àl £ 
Ji-jJt ùrtj L^L^sBase sjl^uji Base and Collector £-**JLl 



.Common Base sjicUJL 




Common Collector as>^!^Ul!î%>I»jJw>« ^jjljj^JÉâ)! 

: Common Emitter d>iii(ôtLdi .y 

j-Ailjj-^Jl! o^^iJ! SjLilj-^jjj < Emitter and Base sjulUJI c& J^jlîI SjLil 
cc-l^. I àylj « g >j*il j J^jlH pr^. i^ap-^o Emitter ^Ul ^à^U J^M^ Base and Emitter 

.Common Emitter cdj^U! *_àJtL> ojjt J_u^ jsji 





Common Emitter d>&l^l£L>>i»j J^>»j^ï<«jj|>5^ujJSLàJI 

: Common Collector d>ài!£«*i! .t 

2_iXI jrj-i^! SjLi! J-^jjj < Collector and Base sjl^UJI ^ Ji-jiJI SjLàl j^jj 

^j^JIj J^jlJI ùri-j L^LAa Collector j-^Jil e_àj_L <j< Base and Emitter j-^ilj 

.Common Collector cdj^ut «-**JiL 




Common Collector d >&l I a!j>Uj J^j$l«jjl>j ^uj jSLàJi 

*_^>JL! ^j^î. Emitter L^L Ijl». iijàj j^i^r^l ^.Base sjulUJI uJ» 

.Collector 

LjÎ L^ia MSU bj^ jIjl^i i^wj ^i^j ijbt^ui ù^>UUkj Uni, a Emitter jj^j .y 

,>« JLoUJI ù^Ll^I Â^JLL jlj^l ^ J^jûj . j, 5 :,"!! îàiàa. jj^"* Base SjulUJ! 



.^-LtTùjJl lLs_<_u^il<3 ^-^>jlI Collector £^j>ji 



Reverse .i j < rf^r (jj^ni^ Collector-Base 3 jlcLsji 



. Emitter^l J\ >Ub ^ jLUl <jî jl^NPN 



.mi. 




c ■ 

D 




PNP 



D 

^ | , | -r, 




** ****** 



*1 i*\ c^_p^ j^ï ^Uj *U ^ » Ml j 3jl_cUJI £sl-> iL^ liUjl^j ^Lc ^Uj 



Sr 



£H ^ Ùl Ùi >M ^ ciLt^Jj jjl^l^lJI 4- c^ljJoVl ^JjjJ c-àj^J (il 

:^3^l J^aj ^ ù! 

*» v *♦ _v *» ♦ » -V ♦ v » i 



NPN ùi ^ùït^C^ jjw!>^ ùP»>^sJ^i 4- î^^â ^ cil 



-HA. 








il 


iii 





1 

\ — £2X 






„ 


I r . 

^ 

V 

\ 

1 







UJT àka I JLy j j ^uyjJ I jJ jasà ^ULlS 

Base2 j Basel ^^jUll îj^t j^jVl ^JLi^^jJt >y^iUI j ^> 

j Emitter c^h ^j Ls ^ ( y ^ ( + ) ^JL^JI ^ j Emitter ^ ( - ) mtl ^ .Y 
ù'>AP j-sii Base2 j Emitter ^ ^jLsJtl j < Basel 

o^l j •( + ) J\ EmitterJ ( - ) cdJLoJl 0 „^rl .r 
l^j-l^^I j^JI Lilf= Base2 j Emitter o^^jUit j < Baselj Emitter 




Emit 




Bottom" view 




- S<\<\ - 




JJ-Ll^JI^J ^rUU 1 

.cj^L^jJLI ^Luil S 

.NPN^^^DyC .PNP tJ s j^l^ B jî A~D A 

.^UJI JJjliî A JLir" , „j C J A 

^LiJI Jjj^JI '-. " " ^ jj^j^L^I £>> cM 

SC19232:jll, 







A 


PNP small 
power gênerai 
purpose 




B 


PNP power 


cri ùl <j77> £>> Cy* jj^^Lh 


C 


NPN small 
power gênerai 
purpose 


in*** ù! ùl jj^j^Lh 


D 


NPN power 


ù! cr^ ù! ù* jj^j^Lh 


J 


P-channel 
FET 




K 


N-channel 
FET 





- 1 • • - 




t— LfjJ 




- 1 o - 





Collecter J«j4 

ECU 



0 L^I £jj .Y 
(jILi^l!^ ) L ^>lj^cVl ^julI^ <j-^L^ -Y 



. 1 M ohm ^ ^LiJt jL^ .y 





E ~j-*^î 
B ~ jjj^î 


C ~ 

B ~ jjjjiî 


B ^ j^^î 


B ~ >*^î 

C ~ ±Jjlm] 


C ~ 

E ~ jjjjiî 


E ~j^î 
C ~ jjjjiî 




TRI 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 




TR2 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 




TR3 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 




TR4 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 





- 1 • t - 



LsJlJ^. .( G 4_il iK SjjI ^=> i A JijJÎ ) <_â! j_Lsî (jr i£. ùli>L_i^>^J 1 l Mfî 

(OFF) s^j^^ jî (ON) i^jA ùî M ^ sjLij .^^l ù^>^l jjjiL, 



* 1 «* 



*Ldl Jlir" i ni > j^~ l g ' Vj ^ I "■ à 1 ^— ' (J-4-*J J^Tn-u^jliiJI (jLâ <_LLÎJlÎj 



SCR 
TRIAC 
DIAC 



r 



(SCR)J 





^LUI J^i^tL SCR J 




^= j>Lc.l jî ^ (jjc jjlâ cLuliJ! 



L<^Lxj 4_jjLÎl!Lj Sj^c Yû * * * ^ Sic j 4jSfcHâ ^j-^=ucj 4_c I jjj s <jl (jr-^ I Jl^ ^jj^_u ^Lla n ^— ^ SCR JI J-^jlj j 

. I JU2J A û_Sj L^3_uL^3_UC L>*LlL<L<3 JL>w ÛJ V 



jLlIJI J^>J ^jMJI j^JI ûj-lc j^>JI c> A^1j >^-^j J^j^W SCR JI îo-u bW^ 



:j>lw >jLx!I JLJjpj ûjluj 



Cl)! Jl^ 



J I Jt-4-UJLJ 






3>tjjsît J-tw ^ <>aftb ÛMJ £>Ut *Jb->« ( T ) J£â 



. RX IOO^jûj^jVI ^^jdl^ls^^xô 



(TRIAC) dbpi 

^Lidl ^ ^Jl >Jlj (Tl , U, <jU jiiLû )JjVl ^ jJ! câjJ^J 



.G ^I^JIj (T2 , u,M .l jiiLG ) 





jjiiL^JI «_4 «Isj-ij^s JjVl SCR JJ jjjVl (j_c «jLui LwL^î ^Ljpiî JjVl ^J! L_à ^iaJI <jî Justin 
Lis^j^a ^LiJI SCR JJ j^L^JI jjk Uiï^à udLpJJ ^LïJI ^ ^J! <_à j_LJ1 .^liJ! SCR JJ 

4JL^sL <-JL>U1 (jl-à ^JJÛlJ .JjVl SCR JJ 






. ! Jl>. 3 > ' ' » 



4-4 jL2-4 cJLJi JlJ^I ^j-ul J^U ^-J-J c_â j_t_u 4 <jojLj_2J! jL^j>J jJJ câj^LaJI £-4 dJLpJI 4_)l j_3 L-âjJo J-L^ j . i 

.(SOQ^jiî) 



1 ^^-^ I Jl>. 3j^_Ll^ jL^j>JI L&IjJL ^lÎI 4-^jL2JlI ^ S p £)ï c-^o < ciJLpJI jj J <^<*1 . û 



jj^d pj 4 c-JL-oil e-âj^UJI £^T2 j c-c^j-ll câj^UJI ^ Tl ^_u-^J JU-pnj (T2 5 Tl ) ^luq j-4 J Ju .1 



u 

.cdt Jul^ul c_^jj UJIj jj^j 



*L>^VI ciJIjJlJI jSCR cd]ju=j ciJLpil J-^Lij jjl^u ^jLUI SJjLi j| jJaî jl^Î ciJIjJl 

(j\£jAs 4_J j 4 (^U^L>ijVI ^Jl_2JI ^jLu (yi-uJ ( PNP ^jLiLl^ j ) CjLS_lU CJ^Lj j / ^ / r j 4 ^_(_ujJ L 
A_ p i gtj 1 î c_-cJLiJI È— 1 ^luLjlo 4 1 La \) i^W CjIj Jl_2JJ cJLj JlJI ^ JiifclLujiJj X2 4 X 1 ( jr ^jl_J>* (J^-*^ J^ 




- T * A - 



. RX 100 gjjjûja,jVl ^^jUI ^Lii^»^ 



.4JI JuIlJ C-^>OJ dJLjjJI 4- J ' (^JLl JjU (jl^â (J^L>oVl ^ 







J ^T^ 1 ' 




1 




» 1 






Relay J-^-jJl 







.^JjjJI J ^Ij^^kJI 4-La-SJJI (j-U JL-^jI ciJLLA (jj^=u dJLîjuj ^Ij^^j^Jl 4-La-SJJI (j-cucM^ 



-tu- 






1— 1 r— 1 





CONTACT GAP 



COILBOBBIN 



11 
m 
h 




CORE^_ . _ 




CONTACT3:- 
ORMALLYÛPEN 

N OR MALLY CLOSE D 

MOVING 



ARMATURE 



SPRIN 



HINGE 



.tu. 




:f 1 _apVl oÙUi ^ufcî ijjuij 
(SPST) a Juxl ^1 j Jux! 3J! c-J^I jj J^jJll . 1 




(SPDT) ùrt%*ôJlj J^iyi c-JaiJI ji J^jJll .Y 
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